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ABSTRACT

The present paper explores the role of Titanium dioxide (TiO;) nanoparticles in the
improvement of performance of polyamide thin-film composite reverse osmosis (RO) mem-
branes. It reports on novel PA/TiO, thin-film nanocomposite (TFNC) membranes via in situ
interfacial polymerization technique. It carried out by pre-dispersed TiO, nanoparticles in
either organic phase (dodecane) of trimesoyl chloride or aqueous phase of m-phenylenedi-
amine. The change in chemical and physical properties of the synthesized TFNC mem-
branes was evaluated through studying ATR-FTIR spectroscopy, contact angle
measurements, scanning electron microscopy, and X-ray photoelectron spectroscopy. Also,
the effect of TiO, concentration on RO performance and organic antifouling resistance was
investigated. The synthesized PA-TiO, TENC membranes exhibited an improvement in per-
meate flux which increased from 33.6 to 40 L/m>h with slightly increase in salt rejection
(%) which increased from 99.75 to 99.82%. The synthesized TFNC membrane with low-con-
centration TiO, showed an improvement for the organic fouling resistance. The synthesized
PA-TiO, TFNC membranes offering a strong potential for possible use as a novel type of
TFNC membranes with high RO performance.

Keywords: TiO, nanoparticles; Thin-film nanocomposite; In situ interfacial polymerization;
Reverse osmosis membranes

1. Introduction

In general, desalination technologies can be catego-
rized into two different mechanism separations: ther-
mal and membrane-based desalination. The thermal
processes include multi-stage flash, multiple effect dis-
tillation, and vapor compression distillation, whereas
membrane-based processes include reverse osmosis
(RO), nanofiltration, and electrodialysis. Among these
technologies, RO membrane desalination is the

primary choice where it dominates up to 44% of the
total world desalination capacity [1].

Membrane technologies are getting more and more
attention nowadays due to their reliable contaminant
removal without production of any harmful by-prod-
ucts, especially in water and wastewater treatment
processes. Researchers are focusing more on polymeric
materials because of better pore-forming control and
lower cost [2]. Thin-film composite (TFC) membranes
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are extensively used in RO desalination applications.
Since the breakthrough discovery made by Cadotte
and his co-workers in the 1970s, TFC membrane pre-
pared using interfacial polymerization (IP) technique
has experienced significant progress in composite
membrane development and emerged as one of the
most advanced technologies in water and wastewater
purification processes [3]. In spite of that the most
common disadvantage associated with the application
of the membrane process in water and wastewater
treatment is membrane fouling, which results in flux
decline during the operation [4,5]. Some fouling mate-
rials even destroy the membrane and shorten its ser-
vice life. However, membrane material is frequently
accepted as one of the predominant fouling modula-
tors, with membrane fouling expected to be more
severe with hydrophobic than hydrophilic membranes
[6,7].

The main approach toward minimizing polymeric
membrane fouling is the prevention of the undesired
adsorption or adhesion processes on the surface of the
membrane, because this will prevent or, at least, slow
down the subsequent accumulation of colloids. Several
strategies to alleviate the membrane fouling have been
investigated. One of these methods is hydrophilic
modification of membrane surface [8]. There are vari-
ous methods available for hydrophilic modification of
membrane surface [9-15]. Among these methods,
incorporation of various kinds of nanoparticles into
the polymeric membranes has been the focus of
numerous investigations in recent years.

The unique chemical and physical properties of
nanosized metals as compared with their bulk parti-
cles have increased the studies of nanoparticle synthe-
sis for specific optical, magnetic, electronic, and
catalytic purposes. Polymeric systems have been used
in the preparation of nanoscaled particles due to the
presence of specific functional groups on the backbone
of the polymer chain. These groups are often ionic in
nature or have lone-pair electrons that can be served
as a chelating agent as well as imposing a stabilizing
effect on the synthesized nanoparticles. A typical
nanoparticle containing atoms or molecules number-
ing from tens to tens of thousands has a length
between a few and a few tens of nanometers. The
introduced nanoparticles to polymer membranes
might be silica [16], Fe;O4 [17], ZrO, [18], CdS [19],
and TiO, [20-23].

Titanium dioxide (TiO,) has received much atten-
tion because of its important role in various applica-
tions such as photocatalysis, oxygen sensors,
antimicrobial coatings, and pigment [24,25]. Among
them, the photocatalytic properties to decompose
organic compounds can be used in filtration
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membranes, which possibly overcome the fouling phe-
nomena in the membranes [26-28].

In this study, polyamide thin-film nanocomposite
(TENC) membranes containing TiO, nanoparticles
were prepared. The PA barrier layer was formed via
interfacial (IP) polymerization between m-phenylene-
diamine (MPD) in aqueous solution with trimesoyl
chloride (TMC) in dodecane solution. In situ IP with
TiO, occurred by pre-dispersed TiO, nanoparticles in
either the organic or the aqueous phase. This process
is greatly effective in helping the confinement of TiO,
inside PA polymeric chains. The synthesized mem-
branes have been characterized by ATR-FT-IR spec-
troscopy, contact angle measurements, scanning
electron microscopy (SEM), and X-ray photoelectron
spectroscopy (XPS).The membrane RO performance
including permeate flux (L/m?h) and salt rejection
(%) as well as organic fouling resistance was evalu-
ated as a function of TiO, concentration.

2. Experimental
2.1. Materials and reagents

Asymmetric polysulfone (PS) support membrane
cast on polyester non-woven polyester fabric was
kindly supplied by Dow Water & Process Solutions
(Edina, MN). m-phenylenediamine (MPD,>99%),
(TMC, 98%), TiO, anatase with particle size <25nm,
n-dodecane (anhydrous,>99%), and n-hexane (mix-
ture of isomers, anhydrous,>99%) were used as
received from Sigma-Aldrich (St. Louis, MO). Deion-
ized (DI) water was generated by a Milli-Q Advantage
A10 vacuum purification system (Millipore, Billerica,
MA).

Acrylic plastic plates (8 inx11 inx0.24 in) were
used to support the PS membranes during TFC mem-
branes preparation. Additionally, plastic frames (inner
size: 6 inx9 in) were cut from these plates. Rubber
gaskets having the same size of the plastic frames
were purchased from Advanced Gasket & Supply
(Fort Worth, TX, USA). Soft rubber rollers were pur-
chased from Sigma-Aldrich Co. (St. Louis, MO, USA).

2.2. Preparation of polyamide thin-film (PA-TFC)
membranes

The process of membrane preparation is believed
to be similar to that reported by Mitchell et al. [29]
and Xie et al. [30], as shown in Fig. 1.

PS support membranes were immersed in DI water
for 1h, (Fig. 1(a)) then removed from the DI water
and positioned on a plastic plate. A rubber gasket and
a plastic frame were placed on top of the PS support
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Fig. 1. Protocol to prepare polyamide TFC membranes.

membrane, and binder clips were used to hold the
plate-membrane-gasket-frame stack together. MPD
aqueous solution with or without TiO, nanoparticles
was poured onto the frame (Fig. 1(b)) and allowed to
contact on the PS membrane for a time before drain-
ing the excess MPD solution. This residence time
allowed MPD to at least partially penetrate into the
pores of the porous PS support layer. The frame and
gasket were disassembled and residual solution
between the plate and the PS was removed. Residual
MPD droplets on the top surface of the PS membrane
were removed by firmly pressed rolling a rubber
roller across the membrane surface (Fig. 1(c)) for one
time and one direction to ensure that there are no visi-
ble aqueous droplets, these droplets could form
defects if left on the membrane surface. The frame
and gasket were reassembled on top of the PS mem-
brane, and the organic solution of TMC (with or

without TiO, nanoparticles) was poured onto the
frame (Fig. 1(d)). It is important to mention that in this
study, the dodecane was used as the organic solvent
of TMC. After a time, the organic solution was
drained from the frame, and the frame and gasket
were disassembled. The membrane surface was
washed by hexane (Fig. 1(e)) to accelerate the evapora-
tion process and let to dry in air at ambient condi-
tions. Finally, the prepared membrane was immersed
in DI water (Fig. 1(f)) until characterized or used in
cross-flow experiments.

2.3. Characterization of PA-TFC membranes

Attenuated total reflectance Fourier transform
infrared spectroscopy (ATR-FTIR) was used to charac-
terize the chemical structure of the polyamide TFC
membranes. A Thermo Nicolet Nexus 470 FTIR with
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Fig. 2. Preparation procedure for PA-TiO, nanocomposite membranes [32].

an Avatar Smart Miracle ATR accessory and a ZnSe
crystal (Thermo Fisher Scientific Inc., Waltham, MA)
was used. Spectra were collected in air, in the mid-
infrared region (600—4,000 cm™ ), using 128 scans at
resolution 4. After each measurement, a background
spectrum was obtained using PS membrane and sub-
tracted from that of the membrane to remove any
atmospheric absorbance peaks.

The Oil-in-water contact angle analysis was per-
formed using a Ramé-Hart Model 200-F1 Standard
Goniometer with DROP image Standard Edition 2.4
software (Ramé-Hart Instrument Co., Netcong, NJ). A
strip of membrane was mounted in a sample holder
with polyamide side facing down and was placed in
DI water environment. An n-decane oil droplet was
dispensed onto the bottom side of the membrane strip
from a Gilmont Instruments 0.2 ml micrometer syringe
(Cole-Parmer Instrument Co., Vernon Hills, IL) with a
hooked Hamilton N732 needle (OD: 0.009 in, Hamil-
ton Co., Reno, NV). Contact angles were measured
through the water phase, and the reported contact
angle is the average value of the left and right side
contact angles, at least three oil droplets placed at dif-
ferent spots in each sample (any membrane was mea-
sured using three samples). A smaller angle indicates
a more hydrophilic surface.

Also, synthesized membrane surfaces and cross-
sections morphology were characterized by scanning
electron microscopy (SEM, Zeiss Supra 40 VP, Carl
Zeiss NTS, Peabody, MA). High-voltage ETH mode
was used and the voltage was set to 5kv. An In Lens
detector was selected, and the working distance was
between 5 and 7 mm. Samples were prepared by peel-
ing away the non-woven polyester backing fabric and
fracturing the remaining PS and polyamide layers
after immersion in liquid nitrogen. A Cressington 208
Bench-top Sputter Coater (Cressington Scientific
Instruments Ltd., Watford, England) having a pt/pd
metal target was used to coat the samples. The coating
thickness was set 10nm to ensure adequate sample
surface conductivity.

XPS was used to characterize the surface elemental
content of modified and unmodified membranes. XPS
probes a maximum depth of ~10nm (at 0° takeoff
angle i.e. perpendicular to the membrane surface),
making it a better choice than ATR-FTIR for detection
of the polyamide layer (~0.1pum) and any surface
changes effected by PEGDE grafting. Surface scans
were performed using an AXIS Ultra DLD XPS
(Kratos Analytical Company, Chestnut Ridge, NY)
equipped with a monochromatic Al Kal,2 X-ray
source (2 %107 Torr chamber pressure, 15kV, 150 W).
Carbon (1s), nitrogen (1s), oxygen (1s), and sulfur (2p)
were detected using either a 0° or 45° takeoff angle (to
probe an even thinner surface layer). A 300 pm x
700 pm area was analyzed, and a charge neutralizer
was used to minimize sample charging.

2.4. RO performance of PA-TFC membranes

The RO performance of the prepared PA-TFC
membranes was evaluated through measuring both
permeate flux (L/m*h) and salt rejection (%). Perme-
ate flux and salt rejection were measured using cross-
flow filtration using aqueous feed solution contained
2,000 ppm NaCl with pH range 7+0.3 samples at
25°C. The flow rate was lgallon per minute and the
applied pressure was 225 psi (15.5bar). All flux and
rejection measurements were evaluated after 30 min
from the starting of the cross-flow experiment to
ensure that the filtration process had reached steady
state.

The permeate flux (Jy) through a membrane area
(A) was calculated as the volume (AV) collected dur-
ing a time period At:

Jw = AV/A x At

Also, the salt rejection (Rs %) was calculated by mea-
suring the electric conductivity of both feed and per-
meate solutions using an Oakton CON 11 conductivity
meter (cole-Parmer Instrument Co., Vernon Hills, IL).
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The salt rejection percent (Rs %) was calculated as
follows:

Rs % = (Cf _Cp/Cf) x 100

where C¢ and C, are the concentrations of the feed
and permeate water (product), respectively.

2.5. Antifouling resistance tests of synthesized membranes

Oil fouling experiments were performed using a
feed of oil-in-water emulsion after using both pure
and 2,000 ppm NaCl aqueous solution in the cross-
flow filtration system. The cross-flow system was
cleaned before each experiment as the previous work
[31]. The feed for the oily water tests consisted of 30 L
of oil-in-water emulsion containing 1,500 ppm soybean
oil emulsion (9:1 of oil: DC193C ratio), i.e. 40.5g of
soybean oil and 4.5g of DC193C. (From Dow Co.),
which had been freshly prepared by blending appro-
priate amounts of oil, surfactant, and water for 3 min
at 20,000 rpm in a 3 L blender (Waring LBC15, Waring
Laboratory & Science, Torrington, CT). During the
fouling test, the permeate from each membrane was
collected in a beaker placed on a balance connected to
a LabVIEW data acquisition program (National Instru-
ments Co., Austin, TX) for continuous monitoring of
permeate mass. These data were used to calculate flux
as a function of the time that the membranes were in
contact with the oil/water emulsion.

3. Results and discussion

Many experiments for PA-TiO, membranes had
been reported previously [21,32]. In the first study
[21], the PA-TiO, membranes were prepared using ex
situ by dipping the prepared PA-TFC in TiO, colloidal
solution for a certain time to deposit TiO, nanoparti-
cles on the membrane surface. However, that method
is vulnerable to easier detachment of TiO, from the
PA matrix, leading to the decrease of TiO, concentra-
tion in the membranes. While in the other study [32],
TiO, nanoparticles were homogeneously dispersed in
the organic phase of TMC solution. The in situ IP reac-
tion may produce the confinement of TiO, nanoparti-
cles on both the surface and inside the PA membrane.
The procedure for the preparation of PA-TiO, nano-
composite membranes is illustrated in Fig. 2. In spite
of it provides higher concentration of TiO, nanoparti-
cles in the membranes and more robust structure of
PA-TiO, nanocomposite membranes but it did not
improve the RO performance significantly and any
increase in the flux accompanied a decrease in salt
rejection.
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3.1. Synthesis and characterization of PA-TiO, TENC
membranes

In the present work, TiO, nanoparticles with dif-
ferent concentrations were homogeneously dispersed
in either organic or aqueous phase of TMC and MPD,
respectively. In organic phase, the TiO, concentration
ranged from 10 to 100% related to TMC concentration
(0.05wt.%), while in case of aqueous phase, TiO, con-
centration ranged from 0.5 to 2% related to MPD con-
centration (1.5wt.%). The advantages of using these
low TiO, concentrations are decreasing the possibili-
ties of the nanoparticles aggregation and possessing
high specific surface area of TiO, nanoparticles. Also,
in higher concentration of TiO,, the mechanical
strength of the membranes decreased significantly,
producing easier peeling off of the PA-TiO, layer from
the support layer after the filtration experiment [32].

The synthesized PA/TFC and PA-TiO,/TENC
membranes were characterized by ATR-FTIR spectros-
copy, as shown in Fig. 3. Because the depth of ATR-FTIR
penetration was about 0.4-0.5pm in the wavelength
region of interest, the ATR-FTIR spectra reflect a combi-
nation of polyamide barrier layer (0.1-0.15 pm) and the
rest of the PS substrate (Fig. 3(a)). The spectra of TFC
membrane (Fig. 3(b)) shows the absence of the acid chlo-
ride band at 1770 cm ™, indicating successful polymeri-
zation. The strong bands at 1,661 and 1,549 cm ! were
present that it is a characteristic of (amide I) CO

()
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Fig. 3. ATR-RTIR of (a) PS, (b) neat PA-TFC, 20% TiO,-PA-
TFNC in organic phase (c), and in aqueous phase (d).
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stretching vibrations and amide-II (N-H) band of amide
group (-CONH-). In addition, other bands characteristic
of PA occur at 1,609.6 and 1,488.9cm™" (aromatic ring
breathing), and 1,250 cm™! (amide IID). Also, the stretch-
ing peak of OH group was present at 3,384cm ™. In
addition of TiO,, in either organic or aqueous phase
(Fig. 3(c) and (d)), a small peak due to its low concentra-
tion was observed at 755 cm™’, this result was agreement
with the previous work [33].

Membrane surface hydrophilicity was character-
ized in terms of contact angle, and the results are
recorded in Table 1. It is obvious that all synthesized
TFC membranes possesses good hydrophilicity and
the contact angle ranged from 23.1 to 33 +2. The addi-
tion of TiO, nanoparticles in organic phase increased
the hydrophilicity, i.e. decreasing the contact angle, up
to 40 wt. % of TMC concentration. Further increase of
TiO; results in a decrease the hydrophilicity. This is
due to the possible aggregation of TiO, particles and
the reaction between the TiO, nanoparticles and car-
boxylic groups leading to decrease the number of free
carboxylic groups, as shown in Fig. 4.

Also, in case of addition of TiO; in aqueous phase,
it increased the hydrophilicity, i.e. decrease the contact
angle as compared with neat PA-TFC.

The surfaces and cross-sections of PSF, PA-TFC,
and PA-TiO, TFNC membranes were imaged by SEM,
as shown in Fig. 5. Unlike the smooth and featureless
of porous PSf support layer surface, the polyamide
PA-TFC surface had a layer of tightly packed globules
and scattered ear-shaped polyamide ridges. In case of
PA-TiO, TENC membranes, TiO, nanoparticles were
well dispersed in the membrane surface and increase
its roughness. In high concentration of TiO,, the
aggregation of TiO, particles was observed in case of
doping the TiO, nanoparticles in organic phase.

Table 1
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Fig. 4. The mechanism of the reaction between TiO, and
carboxylic group (by bidendate coordination or by
formation H-bond).

Also, the chemical composition of both PA-TFC
and PA-TiO, TFENC synthesized membranes was ana-
lyzed by XPS.

The XPS spectra of neat PA-TFC membrane
resulted in typical Cls (284.14eV), N 1s (399.03eV),
and O 1s (532.11eV) core levels for aromatic rings,
amide groups, and carboxylic acids, as shown in
Fig. 6. The spectra are slightly similar to those in the
literatures [31,32]. Also, the XPS spectra of TiO,
PA-TENC membranes showed the peaks of Cls
at (283.93eV), N 1s at (39897eV), and O 1s at
(531.83eV). The photoelectron peak for Ti atom
appears clearly at 455eV for 2p,,; and 461eV for
2p1,2 as presented in Fig. 7.

3.2. RO performance

RO performance data including permeate flux
(L/m?h) and salt rejection (%) for the synthesized neat
PA/TFC and TiO,-PA/TENC membranes were stud-
ied to evaluate the effect of TiO, concentration. Intro-
duction of TiO, nanoparticles into either organic or
aqueous phase was evaluated to optimize the prepara-
tion condition and obtain a membrane with optimal
performance characteristics.

Effect of TiO, addition in either organic or aqueous phase on the contact angle

MPD conc. (wt.%) TMC (conc.) (wt.%) TiO; (conc.) (%) Phase Contact angle
1.5 0.05 - - 33+2
1.5 0.05 0.005 (10%) Organic 235+2
0.01 (20%) 233+2
0.02 (40%) 23.1+£2
0.04 (80%) 277 +2
0.05 (100%) 29.5+2
1.5 0.055 0.04 24+2
1.5 0.05 0.0075(0.5%) Aqueous 292+2
0.015(1%) 3062
0.03(2%) 245+2
1.507 0.05 0.015 248+2
1.515 258 +1
1.53 26.1+2
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(a)

(b)

(c)

(d)

(e)

Fig. 5. SEM of (a) PS, (b) Neat PA-TFC, (c) 20%, (d) 80% TiO,-PA-TENC in organic phase, and (e) 20% TiO,-PA-TENC in
aqueous phase.
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Fig. 6. XPS spectra for carbon, oxygen, and nitrogen for neat PA-TFC membranes.

It is important to mention that the functional
groups of the membrane surface play an important
role in RO performance [34]. Reid and Breton [35]
explained the water permeation in RO membranes by
a hydrogen bond formation with functional groups of
membrane surface and a formation of bound water.
The bound water passes through membrane from one

hydrogen-bonding site to another site in the
membrane matrix under a pressure gradient, and the
passage of a solute component that does not form a
hydrogen bond is resisted. Interaction energy and sta-
bility of hydrogen-bonding formation between water
and membrane surface would have an important
effect on water permeability and salt rejection. Water
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Fig. 7. XPS spectra for carbon, oxygen, nitrogen, and titanium for PA-TiO, TENC membranes.

can form hydrogen bonds with hydrophilic carboxylic
acid groups or amide linkages. Both carboxylic acid
group and amide functionality yield a shorter and
stronger H-bond with water. According to experimen-
tal and theoretical results, the doubly bonded oxygen
acts as a much more effective proton acceptor than
that does hydroxyl oxygen of carboxylic acid and NH
group of amide linkage. Moreover, carboxylic acid
groups form a slightly more stable and strong H-bond

Table 2

Effect of TiO, concentration (in organic phase) on membrane performance
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with water than hydrophilic amide groups [36].
Higher stability of H-bond of carboxylic acid group
with water would promise a more selective perme-
ation but act as a resistance of the passage of the
bound water from one site to another.

The effect of TiO, concentration in organic phase
on the RO performance of synthesized membranes
was shown in Table 2. It is obvious that the best con-
centration of TiO, which improved the performance

No. TiO, Conc. (%) MPD Conc. TMC Conc. Rs (%) Jtpo (L/m?h)
1 0 1.5 0.05 99.75 33.61
2 10 15 0.05 99.75 31.22
3 20 1.5 0.05 99.77 38.78
4 40 15 0.05 99.82 36

5 80 1.5 0.05 99.82 34.6
6 100 15 0.05 99.86 31.26
7 10 1.4965 0.05 99.82 31.56
8 20 1.493 0.05 99.83 37.55
9 40 1.4863 0.05 99.8 36.73
10 60 1.4795 0.05 99.84 37.32
11 80 1.4728 0.05 99.83 39.6
12 100 1.466 0.05 99.74 24.66
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Table 3
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Effect of TiO, concentration (in aqueous phase) on membrane performance

No. TiO, (%) of MPD MPD Conc. (%) Rs (%) Jtzo (L/m?h)
1 0 1.5 99.75 33.61
20 0.5 15 99.59 33.76
21 1 1.5 99.74 36.56
22 2 15 99.52 33.77
21 1 15 99.74 36.56
23 1 1.5075 99.58 32.79
24 1 1.515 99.72 40.16
25 1 1.53 99.67 35.35

was (20% of TMC) the flux increased from 33.61 to
38.78 (L/m”h) with slightly the same of salt rejection
(%). This could be due to the increase of water uptake
in the membranes, which comes from the increase of
membrane hydrophilicity (see Table 1). Further
increasing the TiO, concentration leads to a decrease
in water flux again with slightly increase in salt rejec-
tion (%), this is due to the decrease of free carboxylic
group’s number and the effect on the NH,/COCl
molar ratio.

So another series of TFNC membranes was pre-
pared using a decreasing concentration of MPD with
increasing TiO, concentration to maintain the NH,/
COCl molar ratio. It was found that the water flux
increase with no significant effect of salt rejection (%)
by increasing the TiO, concentration up (80% of TMC)
which considered the suitable concentration of TiO,, it
improved the water flux from 33.6 to 39.6 (L/m?h)
with slightly improved in salt rejection which increase
from 99.75 to 99.83 (%). Further increasing in TiO,
concentration, abruptly decrease in water flux was
obtained.

Also, the introduction of TiO, in MPD aqueous
phase was studied, as shown in Table 3. It is obvious
that as TiO, increase the water flux improved with
slightly the same of salt rejection up to 1 wt. % of
MPD concentration. After that any increase leads to a
decrease in water flux. This may be due to the effect
on the value of NH,/COCI molar ratio.

So another series of TFENC membranes was prepared
using an increasing of MPD concentration. It is obvious
that the best concentration of MPD (1.515 wt. %) which
improved the flux was increased from 33.6 to 40.16
(L/m* h) with slight effect in salt rejection.

3.3. Organic antifouling resistance evaluation

The permeation and separation performance of
composite membranes were evaluated by cross-flow
filtration system using 1500 ppm soybean oil emulsion.

Fig. 8 presents the permeate flux for three selected
membranes (Neat PA-TFC, 20%and 80% TiO,-PA/
TFNC membranes) as a function of operation time,
where the three selected membranes were tested side
by side using pure, saline, and oil emulsion solution.
After 25h, all synthesized composite membranes
exhibited good fouling resistance and the PA-TFNC
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Fig. 8. Permeate flux vs. time (h) for the three selected
membranes unmodified, 20 and 80% TiO, in organic phase
for (a) the first 3h and (b) for 25 h.
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membrane of 20% TiO, concentration possesses the
highest permeate than both unmodified and 80% TiO,
PA-TFNC membrane, respectively. This is due to its
highest hydrophilicity.

4. Conclusions

This study developed new types of TFNC mem-
branes that containing TiO, nanoparticles in the PA
thin-film layer. These types were synthesized using
in situ IP between MPD and TMC. The incorporation
of TiO, nanoparticles was carried out in either organic
or aqueous phase and confirmed by ATR-FTIR, con-
tact angle measurement, SEM, and XPS.

By introduction of TiO, nanoparticles in organic
phase, the membrane hydrophilicity and flux were
enhanced with slightly increase of salt rejection (%) in
compared with neat PA/TFC membranes. The water
flux from 33.6 to 39.6 (L/m”h) with slightly improved
in salt rejection which increase from 99.75 to 99.83
(%). Also, in case of incorporation of TiO, nanoparti-
cles in aqueous phase, the flux increased from 33.6 to
40.16 (L/m?*h) with slight effect in salt rejection. Also,
the organic antifouling resistance was studied using
three selected membranes and did not show a signifi-
cant improvement in the organic antifouling resistance
but it was expected to improve the bio-antifouling
resistance.
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